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GENERATING X-RAY PULSES DURING
X-RAY IMAGING

CROSS REFERENCE TO RELATED
APPLICATION
This application claims the benefit of DE

102016222365.8, filed on Nov. 15, 2016, which 1s hereby
incorporated by reference 1n 1ts entirety.

FIELD

Embodiments relate to a method, a computer program
product, a computer-readable medium and an apparatus for
generating X-ray pulses during X-ray imaging.

BACKGROUND

In X-ray-based imaging, X-ray emitters may be used as a
particle source. Often, the X-ray emitters are pulsed in order,
for example, to keep the patient dose low during medical
imaging. The configuration of a known X-ray emitter or
X-ray tube 1s depicted 1n FIG. 1.

FIG. 1 depicts a cross-section of an X-ray emitter. In a
vacuum tube 1, electrons 3 are released into the vacuum by
heating an emitter 2 (e.g. cathode). The electrons 3 are
accelerated towards the anode 4 by a high voltage, that 1s
applied between the emitter 2 and an anode 4. Upon striking
the anode 4, approximately 1% of the energy of the electrons
3 1s converted into X-ray radiation 3, the remaining energy
transitioning 1nto heat. The generated heat must be continu-
ously extracted from the anode 4, otherwise there 1s a risk of
the focal path melting on the anode 4. Therefore, 1n heavy-
duty tubes, rotating anodes may be used in combination with
directly cooled bearings. The X-ray radiation 5 exits the
vacuum tube 1 through the outlet window 6. Using the
motorized drive 7, the anode 4 1s set 1n rotation.

For angiography, for example, a pulsed X-ray radiation 1s
used to reduce the X-ray radiation exposure of the patient.
The pulse generation for X-ray tubes may be realized by two
methods.

A simple method 1s to switch the high voltage applied
between the emitter 2 and the anode 4 on and ofl (primary
pulsed X-ray radiation 5). Alternatively, a grating 8 may be
arranged between the emitter 2 and the anode 4, or a metal
clement may be arranged around the emitter 2, that is
exposed to a pulsed blocking voltage, and the electrons 3 are
shielded toward the high voltage field. The grating 8 1s
switched on and ofl. The grating 8 alternately blocks and
guides secondary pulsed X-ray radiation.

The first method 1s simple to realize. However, high
capacities through cables etc. include disadvantage when
actuating that the high capacities must be discharged via the
X-ray tube causing electrons 3 to briefly strike the anode 4
with a lower energy, having experienced a lower accelera-
tion voltage. The lower-energy electrons 3, however, gen-
crate a lower-energy X-ray radiation 5 that, in medical
imaging for example, causes unnecessarily high patient
doses without contributing to the imaging.

The second method creates clean X-ray pulses limited in
terms of time, since the tube current are shielded 1 a very
short switching time. A grating arrangement 1s disclosed by
way ol example 1n patent application DE 10 2009 004 186
Al. In heavy-duty X-ray tubes, however, the tube currents
are very high. In order to generate such high tube currents,
large emission surfaces of the emitter 2 are helpful. Large
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2
emission surfaces, however, are diflicult to block. To this
extent, a secondary pulsing 1s dithicult in X-ray tubes with

large currents.

SUMMARY AND DESCRIPTION

The scope of the present invention 1s defined solely by the
appended claims and 1s not aflected to any degree by the
statements within this summary. The present embodiments
may obviate one or more of the drawbacks or limitations in
the related art.

Embodiments provide a method, a computer program
product, a computer-readable medium and an apparatus for
generating X-ray pulses during X-ray imaging. Embodi-
ments provide that cleanly dispersed X-ray pulses may be
generated even with high tube currents.

The high voltage of the X-ray tube 1s switched off. The
high voltage decays rapidly with the strong currents 1n the
X-ray tube.

As soon as the tube voltage has reached a threshold value,
at which the emitter may be completely separated from the
high voltage 1n terms of time by a grating, the grating 1s
activated. The applied high voltage then remains at that
value.

High currents may be used, while the lower-energy radia-
tion that 1s undesirable in medical imaging 1s prevented.

In an embodiment, a method 1s provided for generating
X-ray pulses during X-ray imaging. The high voltage of an
X-ray tube 1s automatically switched ofl. The tube voltage
decays. Upon reaching a predefined threshold value of the
tube voltage or a predefined waiting time after switching ol
the high voltage, the grating voltage of a grating arranged
between the emitter and the anode of the X-ray tube 1s
automatically switched on. No electrons reach the anode
from the emitter and the tube current drops to the value zero.

Embodiments allow for both high tube currents to be
switched and lower-energy X-ray radiation to be prevented.

In an embodiment, the threshold value or the waiting time
may be selected such that the emitter may be completely
separated from the high voltage by the grating.

In a further embodiment, the threshold value or the
waiting time may be determined experimentally or compu-
tationally.

Embodiments turther provide a computer program prod-
uct, including a computer program. The computer program
may be loaded into a memory device of a control umt. The
computer program may be used to carry out acts the method
when the computer program 1s executed on the control unait.

Embodiments also provide a computer-readable medium,
on which a computer program i1s stored. The computer
program may be loaded into a memory device of a control
unit. The computer program may be used to carry out the
acts of the method when the computer program 1s executed
on the control unit.

Embodiments further provide an apparatus for generating,
X-ray pulses during X-ray imaging. The apparatus includes
an X-ray tube, a high voltage generation unit, a grating, a
grating voltage generation unit, and a control unit. The X-ray
tube includes an emitter and an anode. The high voltage
generation unit 1s configured to build a high voltage between
the emitter and the anode. The grating 1s located between the
emitter and the anode and 1s configured to deflect the
clectrons of the emitter when a grating voltage 1s applied.
The grating voltage generation unit 1s configured to build the
grating voltage. The control unit 1s configured to automati-
cally switch ofl the high voltage of the high voltage supply
unit and, upon reaching a predefined threshold value of the
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tube voltage or a predefined waiting time after switching ol
the high voltage, to automatically switch on the grating
voltage of the grating voltage generation umnit.

In an embodiment, the apparatus includes a tube voltage
measuring unit electrically connected to the control unit that
1s configured to calculate the tube voltage of the X-ray tube
and transfer the tube voltage to the control unit.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 depicts a cross-section of an X-ray tube.

FIG. 2 depicts a tube voltage UT 1n KV as a function of
time 1n ms for a primary pulsed X-ray radiation according to
an embodiment.

FIG. 3 depicts a tube voltage UT 1n kV as a function of
time 1n ms for a secondary pulsed X-ray radiation according
to an embodiment.

FIG. 4 depicts a flow diagram of an embodiment.

FIG. 5 depicts a tube current I'T 1n A as a function of time
in ms according to an embodiment.

FIG. 6 depicts a block diagram of an apparatus for
generating X-ray pulses according to an embodiment.

DETAILED DESCRIPTION

FIG. 2 depicts exemplary tube voltage U, mn kV as a
function of time tin ms for a primary pulsed X-ray radiation
in a graph. After the pulse duration PT, the high voltage 1s
switched off, and the tube voltage drops to the value zero
alter some time.

FIG. 3 depicts exemplary tube voltage UT 1 kV as a
function of the time tin ms for a secondary pulsed X-ray
radiation 1n a graph. After the pulse duration PT, a grating
voltage 1s switched on, and tube current I'T 1mmediately
drops to the value zero, since no further electrons 3 may now
reach the anode 4 from the emaitter 2. The drop only happens,
however, 1f the tube current or the tube voltage UT 1s not too
great, as only then 1s the grating 8 fully eflective and all
clectrons may be blocked. The X-ray pulse 1s cut ofl cleanly,
as depicted 1n FIG. 3.

FIG. 4 depicts a flow diagram of one embodiment of a
method for generating an X-ray pulse during X-ray imaging.
In act 101, the high voltage of the X-ray tube 1s switched on.
In act 102, the high voltage 1s switched ofl after the pulse
duration PT has expired. Once the tube voltage UT has
reached the threshold value TH, the grating 8 1s activated in
act 103. The tube current I'T drops to the value zero. After
a pause, 1 act 104 the grating 8 1s deactivated, and the
method jumps again to act 101.

The method results 1n a graph according to FIG. 5. The
tube current IT 1 A 1s depicted as a function of the time t in
ms. The high voltage 1s switched off after the pulse duration
PT and, when the tube voltage UT has reached the threshold
value TH, the grating 8 1s activated by switching on the
grating voltage and the tube current I'T drops to the value
zero. The resulting pulse duration 1s therefore composed of
the pulse duration PT and the waiting time WT. Only
high-energy quanta are generated, although the quanta also
travel with large tube currents.

FIG. 6 depicts a block diagram of an apparatus for
generating an X-ray pulse during X-ray imaging. The emut-
ter 2 of an X-ray tube 14 1s made to anneal with a heating
voltage generation unit 13. The high voltage of the high
voltage generation unit 9 1s applied between the emitter 2
and the anode 4. The grating 8 1s powered by the grating
voltage generation unit 10. With the aid of the tube voltage
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4

measuring unit 12, the tube voltage U, may be measured.
The aforementioned components are controlled by a control
umt 11 (e.g., a controller).

The current tube voltage U.-1s supplied to the control unit
11 by the tube voltage measuring unit 12. When the previ-
ously calculated threshold value TH of the tube voltage U -
1s reached, the grating 8 1s activated via the control unit 11.
Alternatively, after a previously calculated waiting time W,
the grating 8 may be activated. The tube current no longer
flows. The X-ray pulse 1s cut ofl cleanly. Subsequently, the
grating 8 1s deactivated, and the high voltage 1s switched on
again.

It 1s to be understood that the elements and features
recited 1in the appended claims may be combined 1n different
ways to produce new claims that likewise fall within the
scope of the present invention. Thus, whereas the dependent
claims appended below depend from only a single indepen-
dent or dependent claim, 1t 1s to be understood that these
dependent claims may, alternatively, be made to depend 1n
the alternative from any preceding or following claim,
whether independent or dependent, and that such new com-
binations are to be understood as forming a part of the
present specification.

While the present invention has been described above by
reference to various embodiments, 1t may be understood that
many changes and modifications may be made to the
described embodiments. It 1s therefore intended that the
foregoing description be regarded as 1llustrative rather than
limiting, and that 1t be understood that all equivalents and/or
combinations of embodiments are intended to be included 1n
this description.

The mvention claimed 1s:

1. A method for generating X-ray pulses during X-ray
imaging, the method comprising:

automatically switching off a high voltage of an X-ray

tube, wherein a tube voltage of the X-ray tube decays;
and

automatically switching on a grating voltage of a grating

arranged between an emitter and an anode of the X-ray
tube when a predefined threshold value of the tube
voltage or a predefined waiting time after switching ol
the high voltage 1s reached,

wherein no electrons reach the anode from the emutter,

and a tube current of the X-ray tube drops to the value
ZEr0.

2. The method of claim 1, further comprising selecting the
predefined threshold value and the predefined waiting time
so that the emitter 1s completely separable from the high
voltage 1n terms of time by the grating.

3. The method of claim 2, further comprising:

determining the predefined threshold value or the pre-

defined waiting time experimentally or computation-
ally.

4. The method of claim 1, further comprising:

determiming the predefined threshold value or the pre-

defined waiting time experimentally or computation-
ally.

5. In a non-transitory computer readable storage medium
that stores instructions executable by one or more processors
to generate X-ray pulses during X-ray imaging, the mstruc-
tions comprising:

automatically switching off a high voltage of an X-ray

tube, wherein a tube voltage of the X-ray tube decays;
and

automatically switching on a grating voltage of a grating

arranged between an emitter and an anode of the X-ray
tube when a predefined threshold value of the tube
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voltage or a predefined waiting time after switching ofl
the high voltage 1s reached,
wherein no electrons reach the anode from the emuitter, and
a tube current of the X-ray tube drops to the value zero.

6. The non-transitory computer readable storage medium
of claim 5, wherein the mstructions further comprise select-
ing the predefined threshold value and the predefined wait-
ing time so that the emitter 1s completely separable from the
high voltage 1n terms of time by the grating.

7. The non-transitory computer readable storage medium
of claim 6, wherein the instructions further comprise deter-
mimng the predefined threshold value or the predefined
waiting time experimentally or computationally.

8. The non-transitory computer readable storage medium
of claim 5, wherein the instructions further comprise deter-
miming the predefined threshold value or the predefined
waiting time experimentally or computationally.

9. An apparatus for generating X-ray pulses during X-ray
imaging, the apparatus comprising:

an X-ray tube comprising an emitter and an anode;
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a high voltage generation umt configured to build a high
voltage between the emitter and the anode;

a grating located between the emitter and the anode, the
grating configured to block electrons of the emitter
from the anode when a grating voltage 1s applied;

a grating voltage generation unit configured to build the
grating voltage; and

a controller configured to automatically switch off the
high voltage of the high voltage generator and auto-
matically switch on the grating voltage of the grating
voltage generator when a predefined threshold value of
a tube voltage or a predefined waiting time after

switching ofl the high voltage 1s reached.

10. The apparatus of claim 9, further comprising:

a tube voltage measuring unit electrically connected to the
controller and configured to calculate the tube voltage
of the X-ray tube and transier the tube voltage to the
controller.
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